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ABSTRACT 

This report is the result of a survey of several 
populations exploring the extent and nature of sex bias in the field 
of mathematics. Students in grades 2-12, college students 
concentrating in mathematics, teacher preparation, and other 
subjects, as well as practicing female matheiPaticians participated in 
the survey* Data were analyzed to determine sex differences and 
apparent trends. Many of the findings replicate or extend those of 
other studies, some of which are cited in the report (e.g., Carnegie 
Commission Report on Opportunities for Women in Mathematics) . An 
UT^^jxpected result is the apparent agreement between sexes concerning 
liking for mathematics; this agreement is shown to persist throughout 
the populations considered. The authors cite testimony from other 
studies and from women mathematicians concerning the issues involved 
in motivating women to study mathematics. They conclude that 
recruitment of women into mathematics courses, especially at the 
college level, is mandatory. (SD) 
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MJiTi!SMATICS AIID SSX 



title might veil evoke a smile. To a rational minded person it 
wuld be hard to inagiriC two subjects which are less related. Yet it is 
one of those irrational features of our cultural and social structure 
that a person's sex is. ar.d has been, very relevant to that individual's 
opportunities in the world of nathenatics. 

ooae fifty years ago, one of the great nathematicians of all time, 
Snrv* Tioether (l3Si2-19y. ) , encountered opposition to her admission to the 
facalt> at the University of Gottingen solely because of her sex. Ihe 
distinguished mathematician David Hilbert, a professor at Gottingen, was 
incredulous: "Keine Herren. Z not see that the sex of the candidate 
is ar» jirgument against her admission as a Privatdozent. After all, the 
Senate is not a bathhouse." a^ay Noether was not admitted (at that time) 
tw tne all male facult^^ at auttingen, although she delivered many series 
of ad /juiced lectures on her work, which had to be announced under the 
naze of i-ilbert (cf. pp. H^-Xh-^ of fl8)). 

At the time this study was initiated (Fall 1973) the mathematics 
faculty at the Ijniversity of California at Cant a Barbara c insisted of 3^ 
members (al^ male) while the secretarial staff consisted of 6 members 
(all female). Those curious figures served as our initial stimulus, 
ctiuclng us to wonder about the forces which could bring about such gross 
sex differences. While few could claim to be totally dispassionate in 
such matters, we begx^ by tryirig to put aside our preconceptions and 
prejudices and to impartially examine these iex differences in mathe- 
matics as the curious ph«snomenon that it truly is. We hope the reader 
will attempt to do the oame in reading this report, which is a compila- 
tion uf the ma^or findings ^f a freshmen (oops — freshpeople) seminar on 
women in mathematics, .;hich met in the Fall quarter of 1973 > and ran 
over into the Winter quarter of IJT^-^ under the auspices of the Mathe- 
matics Department of the University of California at Santa Barbara. 
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ur rirst impulse was tu *\»r»L*critr;itc on the question of diLXTirni- 
liation in empio^TTient. Indood ihi^ i3. the main empliu^ii-- >>f the IJepart- 
aer.t of Health. Educitior. a:ui Welftre utd huicc- alov. the main cr.phasis 
of cost nffirr.ative action proj^r.-cfi." on colictjc ca-npu-'Cc. V^liile not 
der^/ing the exiotence of Guch a proUlenj. ve have siiict. come to believe 
th:.t cosrolcte :ion-diocrinin:iti</n ii. mathe.T.atioaI hiring will have onl^v 
a Kinor affect or. the percent is^e of uvmen in the profession. We feel 
:reTiter enphasis is needed or. affimative action at tht acade.'nic level. 
v> unblock the beginning end of the pipe-line. As Violet larnoy 
h?.c pointed out. during the pa^t four decadeo wor.en earned oni^ i of 
the total Fh.D.*s in mathematics. A rough conpvitation indie -ites that in 
laro "there was available onl^ one female with Ph.D. in .^nathoKatics 
for everj.' two degree- gran ting institutions in the United states." 

From this point of view the fact that, in the fall of 19^3 the UCGB 
r.athematics faculty consisted of thirty- two men is not quite so startling. 
Indeed consider a weighted coin for which the probability of getting a 
head is .0' (the relative frequency of women Fh.D.'s), If one flips this 

in thirtj-two times, the probabilit.v of obtaining all tails is about 
one chance in ten. Considering that a woman profc'ssor had recentl^v died 
and that now (Fall 19"' there are two women on the faculty, we can see 
that the emploi-ment pattern is not particularly unusual, given the very 
low percentage of women Fh.D.'s. Furthermore the Carnegie Commission on 
Higher Education (p. 39 of [31) has indicated that this percentage (of 
women ''h.T.'s in .mathematics) has been steadily decreasing , with onl^v a 
slight upswing in recent years, (in the period 19^:10- .K>i of the 
mathematics Ph.D. *s were earned by women.) 

Thus the extreme :^ex differences in employment of women mathemati- 
cians ciji be triced rather directly to the enormous sex differences in 
mathematical training. We have therefore elected to concentrate our 
attention on sex differences in mathematical education, beginning at a 
very early ige (second grade) and following through to the research 
mathematician. We have also be^n concerned '('see section < below) with 
the affect of these sex differences in mathematical tramimt on the 
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I a*ticipatio:. of wir.rn iu rr. v-ther oCit ntific and technological fields 
rt'iairSri^; jcEc degrc uf mathem'\tical Juphi jticatiun. Our studies con- 
firr. the i.,,-?othesii, of the Sv-Ciolo^ji^t luc^ Cells [^0] that mathematics 
iz si "critical filter" tending to eliminate vromen from many fields, from 
'^^■*-2iiJtr^. physics :.;iJ engineering, to architecture.' aiid medicine. Hiis 
CwHclUoi^n lendo grcitcr import and lurgency to this study, and to the 
need for effective ch.a.gt^ in the nathenatioal training and counseling 
of wortcn. 

Hie fir.-jt section uf thio report deals priinarily with student atti- 
tudes from the Gccond ^;r ide tnrough high school, tjur second section 
cx.j-mnec the attitudes of teachers, uur third section examines sex dif- 
ferences in the extent of nathematical training in the high schools, 
n^re identify the inadequate nathematics training for vomen (as com- 
pared to that for nen^ as a najor culprit in closing off scientific and 
^ec^J?.oiogical oppurturaties fur women. In section h we go on to examine 
the situation at the ^aiversit^ level, both undergraduate and graduate. 
T'pr^ our result;, ore ^j.T.ewtiat special, describing the situation only for 
the UCoB campus, and then for a rather limited time period. Nevertheless 
wc feel these results are likeV to be Indicative of sex differences to 
be found in the mathenicttics programs of mOot universities. In section ■> 
we return for i closer luok -it the mathematics profession. We conclude, 
in section 6. with some observations and recommendations. 
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To obtain some data un this subject, we constructed a simple ques- 
tionnaire consisting of three quectiuns. The first questio*. v;a.s de- 
signed to determine v,hion subjects studer.ts liked best (and least) and 
to discover whether there were statistically r,ignificarit sex differences 
in these preference patterns. (Here we obtained one of our most imex- 
pected results.) Tiie second question attempted to uncover possible 
sexist attitudes in the fainil," by finding out whether the person (mother 
or father J who helped with the homev,orK varied from subject to subject. 
Here we obtained a rather striking, albeit not unexpected, result, our 
third question examined peer group attitudes (vho does better- bo.vs or 
girlsC-in various subjects). In the case of all three questions we 
obtained statistically significant results (significance level .O?). 

We had a total sample of lyh questionnairs. distributed near thQ 
end of 19''3. among grades j through 1^. Most of the sample came from 
rchools in Couthern California, although one portion of the siJjTJplc came 
from the East r-oast. (The geogriphical differences were not signifi- 
cant.) Ve had more than 100 qaestionnuires for each grade except the 
fifth, where we had 8l. 

In the first question we asked the students to rank the four sub- 
jects, mathematics, English, science and social .>tudies (mathematics 
was replaced by aritlimetic arid English by reading, in the lower grades) 
on the basis of which they liked the most to the one which thoy liked 
the least. Uere were statistically significant sex differences in the 
three subjects, English, science' and social studies (very striking in 
the case of English and science, but in all three cases the significance 
Icr/Ql was less than .01). As one night expect, the boys tended to pre- 
fer science and the girls English, ^'.^oial science got a somewluit better 
rating from the boys ttax\ the rirls. V,!iat wc found totally unexpected- 
contradicting our preconceptioj.c when designing this question- is that 
in terms of liking the Subject, mathematics was the onl^,' subject which 
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exiiiVited nu oex differences. In fact the preference patterns in inathe- 
raatics were alaust identical for boys and girls, in narked contrast to 

the three other subjects. (Pur the statistics buff wo mention that we 

2 

c^^puted the \ - statistic for the data contingency table associated 

with the foUoving talle. Assuming no sex differences, the probability 

2 

of obtaining a x - statistic that small (or smaller) is .09. indicating 
that the preference patterns in mathematics of men and women are remark- 
ably similar.) 



Preference Pattern for Mathematics 



Rating for Mathematics 


Boys 


Girls 


Liked best 


30 1^ 




Liked 2nd best 


23 ^ 




Liked 3rd best 






Liked least 




29% 



This pattern of no sex difference in mathematics preference pretty 
much ueld up through the grades, although for both boys and girls its 
pc^^ularity went down in the high school years. We found this result to 
be rather surprising and it would be most useful to have additional gx- 
perinentotion to confirm it. The finding indicates that there is noth- 
ing intrinsic in arithmetic ^r mathematics that maj^es it more appealing 
or enjoyable to one sex than the ether. OYiis is a hopeful sign as other 
findings, tc be discussed later, shjw that, nevertheless, when mathe- 
matics becomei? optional (in high school and college) far fewer women 
trtke it. vre would ccrijccture that xntn take more mathematics not for the 
superficial reason that the^ like mathematics more than women but be- 
cause, whether they like it or not, thoy jre aware that such courses are 
necessai':. prerequisites to the Kinds of future occupations, in medicine, 
technology or science, they envision for themselves. If thin conjecture 
is trie, then wc expect that rtn upgrading of the counseling program in 
high schools, designed to make women aware of the full range of career 
opportunities arid uf the couTijes they must take in high school in order 
to keep all their options open, could have a very significant effect. 
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"•ur lucotA i\M\'iiou to it,* iOh.mi <'!,Al,iren conc«»rm'(i whom th^v »vt 

K»r boU* ♦UrK 'uui ^v.,^ it U t rm- t^ t *Ju' nolhor hK*l[Uy ni-n.* than tho 
l'jiUi«T. v.xt'i-j>' in the hirjtt^r gruJ*... ^Wn the father holpi^ nKn'<» in 
nathemaTici* (^u-id. to i loi^tvv •.xt«'nt. in .A'i«'nce). 'ihv l\>UowUii\ two 
►^rapho. hidicatiiu'; Ihi.i putter: ^hivurh tuv irr-'idoi;. lV»r hijtjU.Ji 

tccore.' th<* "tuthorit,/' »»ri n Uh'TriHl iC :ai(l ^'ontUuKs thij ivl*- throu/h 
hi^!h .School, rhii; iNct U -no nuj.t h'we lie i,ubtle inriuL-nc** <»n .voting: 
girl's («^r b<v's> attitude. 

♦ Q To vhom do students go for help in English? 

w 
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flrade in Scnool 



To vhoa do students go for neip in Mathematics? 




i Z U *y 7 Q 9 "^lO Tl I?. 

tirade In Sch<x>l 



Marthd."' Saith, a mathematician at the University of Texas has writ- 
ten us: 

I once heard a sociological theory to the effect that the 
crucial factor in whether a young woman become an "academic 
achiever" was her father's attitude towards her -the attitude 
most conducive to producing an academic achiever being one which 
showed approval both of his daughter's "fxdninine" pursuits and 
of her intellectual ones. Reflection on my own situation and 
that of friends who are woaen and mathematicians doesn't cause 
me to doubt this theory -e.g., my father seemed equally pleased 
when I baked an apple pie, accomplished some academic achieve- 
ment, or helped him saw wood. 

Other women mathematicians ha' ? also referred, in correspondence 
with us, to the positive influence of their fathers on their intellec- 
tual development. I-\irther Ravenna Helson (8), in a study of highly 
creative women mathematicians, found that most (a/3) had professional 
men as fathers and that interviewers judged that they had identified 
primarily with their fathers. 

Of course: it is hejrdly a new psychological insight that our parents 
have a tremendous influence on our personality development, yet we feel 
still lu-ore must be done to make parents aware of the great danger of im- 
posing, consciously or unconsciously, sexist roles on their children and 
the importance of offering their children encouragement and support to 
aspire to whatever they truly want to be. 

Tt-i third question in our school questionnaire attempted to examine 
peer group attitudes by asking the students who they thought did better 
(boys or girls) in various subjects. In the elementary grades there 
were very substantial differences between the responses of the boys and 
the girls. Due undoubtedly to a kind of sexual competition fostered in 
the lower grades, the boys felt that boys do better- in all subjects and 
the girls felt that girls do better- in all subjects. However by high 
school these sharp differences, while still statistically significant, 
become muted and there emerges an overall peer group attitude concern- 
ing competence in various subjects. If we take the top four grades, 9 
thru 12, together (sample size 506) we get the following table. Ihe 
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3?lS In the table netUiS that i of the sample (boyr, and girls to- 
tjether) feel that boys do better than girls in rathenaticfl. 

SoRial 





^toth 


ftiglish 


Science 


^Uudies 


Boys do better 


3211, 








Girls do better 








is<r, 


no difference 











rt'e have recently found out that the Stanford Center for Research 
and Developacnt in Teaching, about the suae tioe we did t^ ,s study in 
^'outhem California, distributed a questionnaire to l866 high school 
students in the San Krancisco area [cf. I-Sany of the questions 

applied to each of the four specific fields of study, matheigatics, 
English, social studies and business/vocational courses. While the 
primary ala was to discover the roots of student failure, some inter- 
esting sex differences reletting to student attitudes towards mathe- 
aatics was uncovered. Ve quote froa an expository a*^icle on this 
study by the sociologist Sanford Dornbusch (h). i 



One of our questions had asked the student: when you get 
a poor grade, which reason do you think usually causes the poor 
grade? ihere were four alternative answers: I had bad luck, 
I didn't work hard enough, the teacher didn*t like jne, and l»m 
not good at this subject. .^Sost students gave lack of effort as 
the reason for receiving a poor grade in every subject. However 
when it came to oath, 26 percent of the fenales gave lack of 
ability as the basis for a poor grade as coapared to 15 percent 
of the niiles. Female students in every ethnic group in San 
Frcncisco were more than three times as likely ^o give, "I'a 
not good in oath" as the basis for a poor grade as "I*a good 
in math" as the basis for a good grade. In the suburbs, the 
pattern was similar but the ratio was two- to-one. This pattern 
was found in no other subject for females and in no subject for 
males. 



Ihese attitudinal patterns (both self- image and peer group) are un- 
fortunately reinforced by those of the teacher. Hence the topic of our 
next section. 
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TEACHER ATTITUDES 



We next asked two questions of a small sample of elementary and 
high school teachers {Zh women and 3 men). For these teachers at least, 
mathematics was liked better than the other subjects. hU% of the 
teachers listed it as their favorite subject to teach (from a list of 
four, mathematics, science, English and social studies) while another 
third of *hen listed it as their second most liked subject. Neverthe- 
less their responses to a second question indicated attitudes (concern- 
ing sex differences in aptitude and performance with respect to particu- 
lai- subjects) very similar to that obtained for the peer group. hl<^ of 
the respondents felt boys did better in science while only one felt girls 
did better in science. Almost two-thirds (63^) of the respondents felt 
girls did better in EngHsh, while no one felt boys did better. Finally 
^1^ felt boys did better in mathematics while no one felt girls did bet- 
ter. 

Given this prevalent attitude (that boys do better in mathematics) 
among a substantial portion of both peers and teachers, perhaps we should 
digress here to examine the evidence concerning this question. We tested 
for sex differences in performance (i.e., class grades) in a number of 
large elementary mathematics coui'ses at UCSB and in no case did we find 
any statistically significant sex differences. However there have been 
other studies (maiiy quite old) that do indicate that boys do better in 
mathematics (cf. (5), [91, [17]). For example in 19^*2 there was a study 
involving 0 sample of 50,000 students from some 300 schools, where the 
authors concluded: "Girls have maintained a consistent and, on the 
whole, significant superiority over boys in the subject tests, save in 
arithmetic, where small, insignificant gains favor the boys" [aZ], On 
the other hand another more recent study (23] of students in the third 
and sixth grades contradicts this finding and indicates that girls are 
in fact better at arithmetic. The Carnegie Connission in a very recent 
study (f3], pp. 50-51) found that wonien tend to get better grades in 
college- in all fields. 
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In cases vhere rsale performance ii f.'und to be ;iuj'ori.>r. we nay bo 
observing the so-caiI<;d "l^gmalian efrect" in oducation. according to 
which the student perfoms. to ior.e (r.cajurable) e.ctent. in response to 
the expectations of the teacher, lu our jrnall survey for exainple, al- 
cost half the teaclter^ expect thuir male studuntG to dv^ better in nathe- 
niatics, while none of ther. expect the female students to do better. 

Psychologists (Il^K l^U for exanple) have r.easured some sex dif- 
ferences in intellectual functioning, such as space perception, which 
right be related to aptitude in mathematics. These differences, how- 
ever, are subtle, beirjj far smaller than differences anong individuals 
of either sex. These minor differences (which may themselves be cul- 
turailjf induced XKi thus modifiable) might explain some snail difference 
m tne percentage of vromen mathematicians. However we have foimd noth- 
ing in these psychological studies which helps us to explain the enor- 
mous sex differences actuall.v found in the mathematics profession. 

There is a mathematics course at I'CSB designed specifically for 
future school teactiers. distributed special questionnaires to such a 
class consisting of 11 men and women. We vere discouraged to find 
that of these future teachers indicated they are indifferent to- 

wards mathematicf., while aiiother I'^t stated they actually dislike or 
,*;ate it. Thus '.^ t of these prospective teachers are likely to trans- 
mit something xcos than a positive attitude tovards mathematics to their 
students. 

We distributed a similar questionnaire to a number of the large 
lower division undTrgraduate courses asking the students to indicate 
their attitude towards mathematics by narking one of the five possibil- 
ities (love it, liko it, indifferent to it, dislike it, hate it). We 
found no statistically significant sex differences in the responses, 
which tends to confirm, at the college level, the result we obtained 
for the elementary and high school level: there appears to be no signif- 
icant Gex differences with respect to the liking of natheratics. We 
also as.ked the students to indicate what they felt were the major 
influences dctennining their attitude. Among thoi;e indicating an 
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extrene attitude (tither loving it or hating it) one of the nost 
sectioned factors vrar a particular teacher they had had in their prior 
schooling. It is largely for this reason that we were so distressed to 
find that '*0^ of the nathenatics class for future teachers indicated 
either a negative or indifferent attitude towards natheciaticj. 

These findings Indicate to us that certain adjustments should be 
considered, bv^th in the training of school teachers and in their eraploy- 
nent in the classroom. We ne^-d instructors who are competent in mathe- 
matics, who love the subject, who er»Joy teaching it and who will not 
project sexist expectations on the students. Our small sample of 75 
prospective teachers indicates that about one out of seven either dis- 
like or hate mathematics. This makes it quite likely that an elementary 
school child vill at some point be inf i'lenced in a detrimental way by 
one of his or her teachers. We fetl the child should be protected from 
this possibility. Perhaps those teachers who feel uncomfortable with 
certain mathematics subject matter and do not enjoy teaching it, should 
be able to enlist the aid of eager and competent specialists, much as 
music teachers are currently used, Cuch specialists would be carefully 
trained and highly sensitive to the prevailing sexist attitudes concern- 
ing mathematics. In particular they would encourage girls to enjoy and 
to excel in mathematics. If most of these mathematical speciali:>ts 
were women we vould have the added advantage that the female students 
would be presented with a positive role model. 
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3. THE niADSQUATE MATIJEMATIJAL TRAINING OF WOMEN IT* HIG!{ SCHOOL 

In a perceptive article (l9l entitled "Women in Science: why so 
fewC " Alice Bos si has described the nany social and psychological 
influences which restrict women's choice of careers in science. In 
this section we shall describe another factor which restricts women's 
choices which, with some effort, ma^ be more quickly corrected than the 
deep rooted causes of which Alice Rossi speaks. Whether through inade- 
quate or even misleading counseling, or by personal choice, women siraply 
are not taking enough of the optional mathematics couises offered in 
high school to prepare them to enter college programs in science, 
engineering or other "hard" disciplines. Without unusual and early 
efforts to make up this deficiency in their first year of college, all 
of these career options become effectively closed. 

The sociologist Lucy Jells (cf. {20]) shared with us a fact sheet 
(dated December 1,, 19^'^) which she developed on women in higher educa- 
tion at Berkeley and we quote here two of her points. 



1. In a systematic random sample of freshmen admitted 
at Berkeley in Fall, ig7^, ^7 ^ of the boys had taken four 
full years of mathematics, including the trigonometry- solid 
geometry sequence, compared with S% of the girls. The foin* 
year mathematics sequence is required for admission to Mathe- 
matics lA. which in turn is required for majoring in every 
field at the L'niversity except the traditionalV female, and 
hence lower paying, fields of humanities, social sciences, 
librarianship, social welfare, and education, 

2. toong students earning the Bachelor's degree in the 
"^1 largest letters and science departments, there is a strong 
and statistically significant relationship between having a 
one-year college mathematics requirement in the curriculum, 
and having less than one third of the degrees in the depart- 
ment earned by women. 



This second result clearly underlines the tragic consequences of 
the incredible sex difference uncovered in the first finding. It is 
for this reason that Luc^ ^'ells refers to mathematics as a "critical 
filter" in cutting duvn the percentage of women in many fields other 
than mathematics, ThuJ substantial changes in student and teacher 
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attit,4de3 towards girls taking mathematics, and particularly changes in 
the academic counseling procedures at the high school level, are likely 
tj have a significant affect on the percentage of women majoring in 
disciplines which use cathernatics as well as in mathematics itself. 

We found the result (I above) of Lucy Sells' concerning the inade- 
luate mathematical training of entering freshvromen at Berkeley so re- 
markable that we decided to repeat the experiment at bCSB. We took a 
random sample of the files of freshmen and freshwomen (^0 of each) who 
had been admitted to oC3 in the fall of 19^'3. Perhaps because this was 
done a ^ear later (the jltuation is in great flux) and because UCS3 is a 
rather different campus than Berkeley, we obtained somewhat different 
results, The percentage of entering men with four years of high school 
mathematic3 was considerably smaller (lo t) while the percentage of 
entering women with four years of high school mathematics was somewhat 
larger (l£f). rjevertheless the sex difference is still enormous (and 
statistically significant) and thus confirms Lucy Sells' findings at 
Berkeley. (We conjecture that this situation prevails at most colleges 
throughout the country. ) Other voluntary (and hence non-random) samples 
taken at VCSB also showed a significant sex difference in high school 
mathematical training. 

We mention that the relevance of mathematics to many career options 
outside cf mathematics has also been observed by the Carnegie Commission 
on Higher Education in its recent report [3] on opportunities for women 
in higher education. They state (in referring to women on page 6h of 
the report^: "Not onl> have they preferred fields that lead to tradition- 
ally female professions, but they also tended to avoid fields requiring 
extensive application of mathematical reasoning." We concur completely 
vith the following Carnegie Commission's recommendation: 

Kecommendation 7 (page 79 of [3)): Because of the evidence 
that many woirien enter college with inadequate mathematical train- 
ing, special provibion should be made to ensure that women desir- 
ing to major in fields calling for extensive use of mathematics 
are encouraged to make up this deficiency in order to enter the 
fields of their choice. 

rhis brings us to the next stage of our investigation, sex differ- 
ences in mathematical education after high school. 
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SEX DI>*?ER2iCEC U MATOEMMICAL TRAIKIKG AT IIJE UIOTEKSI*^ liiJVEL 

Ke begin looking for sex diflerences in the elementary calculus 
sequence beginning ir. the fall of 1^ 1 and extending to the winter 
quarter of 19^3* at LC3. Math ihi\B is the short (two quarter) course 
while Math 3A3C, ^A3, is the long {VivQ quarter) course. (This long 
cokirse branches in the second year. The figures for ^A include two 
other parallel sections, 'vA and hAil. Ihe figures for Ub include B.) 

Ke first note that the er.rolljient of women in these basic courses 
is disproportionately low. Wonien comprised only about a third of the 
class even though women were in the majority in the freshperson class 
of 19^ 1. This undoubtedly is one of the inevitable corollaries of the 
deficient mathematical training women receive in high school, which we 
described in the pr envious section. Nevertheless we feel that Improved 
cour.seling and other remedial aids at the college level can signifi- 
cantly imj>rove these enrollment figures. 

Enrolljnent, Fall 19T1 
Freshpeople 

Class Math 3^A Math 3A 

Male 1001 (U^i) 133~(63?) 328 (6h^) 
Female 1228 (55^) 78 (2,7% ) iBh (36i ) 

We found no statistically significant sex differences in the grades 
achieved in the various courses. The Carnegie Commission ([3l,pp. 90-^1) 
has found that women tend to get better grades in college- in >.il fields, 
l.evertheiess in c/er^ one of the five places (one in the short sequence, 
four in the long sequence) wliere a student ha& an opportunity to drop, 
the attrition rate was greater for 'rfumen than men. The attrition rates 
for 3JiA -> 3 ^^3, 3C -> ^^A and Va -» '^3 were particularly large, with the 
women's attrition rite almost double that of men. This is pai"ticularly 
disconcerting as the original enrollment of women was already dispro- 
portionately/ low. These rather large attrition rates are difficult to 
interpret as various majors require onl^ certain portions uf the complete 



ERIC 



15 

seque js. I -iring the last ^ear both instructors and teaching assistants 
have bcw atJtlng greater efforts ut encoiiragement, early detection of 
academic difficulty, and tutorial help, in order to decrease these 
attrition rates for both sexes. We believe that the many progressive 
innovations being introduced by UC3B in these calculus sequences vill 
alter these dropout patterns radically. Further we remark that large 
section, cf 3A and 3B are now being taught by a female instructor and 
we ai-e c various as to whether this fact alone will modify the sex dif- 
ferences in attrition rates observed in this study. 

Attrition Rates for Calculus Sequences, beginning Fall 19'''1 



Course 


Male 


Female 


All 


3^*A 3^-B 




58'^ 




3A -> 3* 


33.5^ 


37.5^ 


15% 


33 -> 3C 


26 i 


35 i 


29^ 


3C -> ^A 




3li 


36^ 


'fA -> 






Zii 


3A-> 3C 




59 i 


5hi 


3A -> UA 






Hi 


3A -> hh 


7Zi 


88 i 


19 i 



The above tible*is read as follows: h^i of those enrolled in 3iiA 
did not enroll in 33^ of the men dropped out after 3UA and 58i, 

of the women dropped out after ZkA. We did. not actually follow each 
individual student through the sequence and hence the figures are sub- 
ject ^ :_ris:derable error due to students transferring to other schools, 
and :?ther students joining the sequence at a later stage. For this 
particul-.r sequence, beginning in the fall of the year, we feel these 
possible errjrs cannot possibly account for the large attrition rates 
indica'ed here. Indeed if one corrected by eliminating students join- 
ing the sequence at a later stage, the attrition rates would be even 
worse than reported here. 
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ThQ enrollinent of women in U.e huuors calculus section (which be- 
gins with the second quarter' is considerably lower than in the regular 
sections. VAiile women oonprioc about \y of the secund quarter calculus 
enrollment, they comprise (as an average over the last four ^ ears) onl^ 
about 20^ of the honors section enrollment. The author taught this 
honors section in the winter of 1971 and there were nine men and no women 
enrolled. The following year the author was again scheduled to teach the 
honors calculus. Ttiis time he visited all the regular sections, described 
the nature of the honors secti^.. .tnd specif icall^v encovuraged women to en- 
roll. In the winter of 19"- t enrollment was again nine students, but 
this time there were six men ^ , three women. We strongly recommend that 
every mathematics department look into their honors sequence and deter- 
mine the percentage of female participation. We recently received a 
letter from Professor Joan Birman telling us of her similar experiences 
in the honors sequence at Barnard-Columbia (in alphabetical order). 

I learned last year, to ii;y astonishment, that for about 
four years running the honors calculus course had been all 
male, in spite of the fact that admission was based on an 
open competitive examination. This fall, one of the senior 
mathematics majors and myself made an intensive effort to 
encourage women to try the exam! Ihe typical answer was, "I 
know I won't pass it ," - to which we replied over and over, 
"Well, if you try it, at worst you will confirm what you al- 
ready know, and only an hour of time will have been lost." 
After three days of such advising, the big day came, the 
exam was given, and this year the class has five men and five 
women I 

These experiences indicate that we can anticipate considerable 
change in the enrollment of women in mathematics courses, if only a 
greater effort is made to encourage them to do so. A tiny survey was 
conducted, at Ctanford, of women majoring in natural sciences, mathe- 
matics and engineering [cf. [U]). This highly biased sample reported 
less encouragement to stcidy mathematics than did any group of .Stanford 
males, even those ma.loring in history and the hur.anities. 

We next exa-nine the attrition of mathematics majors. The Carnegie 
Ccmission (3^ had made the following observation: 
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^Jhen we, consider the fields in which students najor in 
college, we shall find 'that alinost as large a percentage of 
women as of men receive bachelor's degrees in mathematical 
science, although women are considerably less well represented 
than men among recipients of degrees in fields calling for the 
use of mathematics as a tool, such as the natural sciences, 
engineering and economics. 

« 

The, statistics on mather.ati'ss majors s,CSB do not seem to follow 
this national pattern. We have followed the cl*-s of 'i2 and the class 
of ,3 and found that i^omen got less than half as many degrees in mathe- 
matics as men. Here again we find rather heavy attrition. For example, 
when the class of began in the fall of 68, about the same percentage 
of men and women indicated their desire to major in mathematics. (TO 
women and 63 men indicated their intention to major in mathematics. Ihis 
represents h,kt of the wmen in the class and h."^ ^ of the men.) These 
percentages continually decline in the following years, the attrition 
being higher for women than for men. Finally at graduation time there 
were only women mathematics majurs (1.8^ of the women graduates) and 
^ men mathematics majors (3.1^ uf the men graduates). For the class 
of '3 the pattern is the same. Only 16 women (l.yyC of the women grad- 
uates) and h'^ men {d.B^ of the men graduates) received bachelor's 
degrees in mathematics, of course the attrition figures may be partially 
c^uocd b^ students transferring to other caiiii>ui>es of the UC system as 
well as the enormous influx of community college students at the begin- 
ning of the junior year, some of whom may be ill prepared to then begin 
a mathematics .major at CCSB. 

We also note that the attrition ratei> campus wide have been greater 
for women than for men. When the class of entered UCSB in 19*38, it 
consisted of wmen. the time this class was graduated in 19^|2, 

it consisted of only Uli women, similarly the class of ^^ started with 
^3*3^ women and ended with only h}.Ct women. (;\gain these figures may 
be strongly affecteri by transfers in and out of the university.) 

We conclude that it is very much in the university's own interest 
to Invest in subsidi*:ed child care centers, better academic and career 
counseling, and siure flexible degree programs (among other things being 
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rec -3aended l>' various woncn'. groups i;.d the Oarnocie FoundaUon Ml) 
'".o try to decrease this sijible attrition a^ong women. 

In goiii^ rroa the bachelors degree into a grriduate progriijn we urice - 
again find that attrition takes a higher toll for women thaij for men. 
(At this point vre ma^ marvel that there are as many women mathematician^^ 
as there arc!) For example Lucy oells I JO J has found that "there is a 
statisticalX\ significant drop in the proportion of women earning the 
bachelors degree in the physical sciences at Berkeley (jbf) and the 
proportion of women applying to graduate school in the pliysical sciences 
(11* )." In the fall of 19T2, 1' » of the applicants to the graduate 
program in mathematics at UCSB were women, while in 19^,3 it was l6i. 
Averaged over these two admission periods, the acceptance rate was (QH 
for the men and 88 f for the women. During the academic years covering 
19''1 to 19*^^, women represented dli of the M enrollment and 13^ of 
the doctoral enrollinent, giving an overall average of l6 ^ in the grad- 
uate program. Durin^ this same period 1 (8 out of <i3) of the masters 
degrees granted in mathematics went to women while i; ^ (3 out of l8) of 
the rh.D's went to women. During this same period, women were recip- 
ients of none of the IS fellowships awarded. In the fall of 19^3 women 
represented 11.^^ (3 out of of the teaching assistants and teaching 
associates in mathematics. 

Vte feel an effort can and should be made to increase the proportion 
of voraen in both the undergraduate and graduate mathematics profe^r^im. For 
example, -^men students at MIT compiled an excellent booklet (l \ about 
the school's opportunities for women and mailed it to 10,000 fenale high 
school Juniors. This resulted in 1,5*00 inquiries from women about admis- 
sion to MIT, nearly four times as many as the year before. The engineer- 
ing department at Berkeley has also used a special recruiting program, 
with some success. We recommend that affirmative action funds be used 
for a similar project on this campus, covering mathematics, science and 
engineering. As we increase the proportion of women in these areas, our 
campus could become known as one v^ich has made a particular effort to 
create a supportive and encouraging learning environment for women in 
mathematics and the "hard sciences." If such an effort is successful. 



the mthcoatics, science and engineering programs wiil greatly benefit 
by the increased enrollnents of well motivated students. 

In this regard, the dearth of wonen faculty in raathenatics, physics 
ohenistry and engineering can onl^ have an inhibiting affect on female 
enrollments in these subjects. Tlie mathematician Kartha K. anith has 
written us concerning this natter: 



Role laodels play an often neglected but, to my mind, im- 
portant role in education. If a young girl never encounters 
A women in mathematics, it is quite reasonable that she should 
conclude that mathematics isn't something women do (whether 
for lack of ability or lack of opportunity). Perhaps more 
likely, she aay not even think of the possibility of a woman 
mathematician. 

I know I felt a certain amount of relief wlien,- the sum- 
mer after my first year in graduate school, I met a woman 
mathematician for the first time. There was living evidence 
that vjhat I wanted to do was not impossible. 

To reverse these stereotypes won't be easy, but I think 
it's possible. An effort should be made to get all the 
trained women mathematicians possible into positions where 
they will have an impact on both male and female students and 
colleagues. Women need to see examples of practicing mathe- 
maticians; men need to become accustomed to accepting a woman 
as an honest-to-goodness colleague rather than a curiosity. 



In regard to role models, we recommend that books like (10) and 
fl^^ be available in every mathematics reading room, both undergraduate 
and graduate. 



-0 

We have been nwd forttmate thnt a l.-irce nunber of woraen matheraa- 
tlcitms have corresponded and shared with us tlieir experiences, attitudes 
ar.d insights. The.v have enabled us to go beyond statistical averages to 
see the complexity and variability of human personality and creativity. 
Woaen. Just like nen. have various reasons for being attracted to nathe- 
antics. vcv of then having anything to do idth their sex. Tliey also hold 
diverse opinions regarding the various natters considered in this report. 
Hieir suggestions have done nuch to ."^hape our study. Their ideas per- 
ceate this report. Ve therefore wish to express our deep appreciation 
to the following wocaen laathcnaticians who have consulted with us: Joan 
Birnan. Judy Bruckner, Mary Gray. Cusan Gerstein. Mary Elisabeth 
Maastroa, Eleanor G. Jones, Hancy Kopell, Tilla Milnor, Cathleen 
^tora^dt^, Alice Schafer, !toianne Snith. r^^tha K. Smith, Ann Stehney, 
Diane Stuebing, Olga Tausky Todd, Karen Uhlenbeck. 

Just over half of our respondents indicated they had experienced 
soae forn of discrimination in their professional lives. Essentially 
all of then indicated they had experienced sexist attitudes of some ff^m. 

Professor Martha Snith (whora we have already quoted) has put forth 
the idea that nany woaen are dissuaded froa a natheaatical career by 
societal stereotjTpes: 

Many people on hearing the wrds "fenaie aatheaatician" 
conjure up an iisage of a srix-foot, grey-haired, tweed suited 
oxford clad u-onan. . . This inage, of course, doesn't attract 
the young woaan wiio is continually being bombarded with ces- 
sa^es, direct and indirect, to be beautiful, "feminine" and 
to catch a nan. 

V-'e have found the notion that wo.Tjen who excel in mathematics are 
less fealnine tc be utter nonsense. Fur exfjaple in Ravenna Helson's 
study '9s of creative women mathematicians, her findings did not "show 
the creative woaa:i to be more masculine, if one neans by this that they 
night h'lve been expected to score higher on ceasures of aasculinity- 
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fcslnlnlty, or doalnrmce, ac^jcrtivcness, or ai^alytlcal ability.'" ir. 
ruiother (oMor^ study [11] involving undergraduate students at UCIA 
Philip lA'stert found that anouc woaen students "nathcnaties najwrs were 
not onl> equal to nor4-autheaatica aajors In femininity, but significantly 
ssorc fcainlne." Tliis finding was sufficiently surprising that I^'sbert 
took a second saaple, -u-iiich confinaed the result, 

'oan Birs.-m, a professor at Coluabi? l?nJverslty was influenced 
earlier in her life by this "unfeninine" stereotype. "Why didn't I 
study laathcaatics at age 21 : I felt it was not a 'feminine' thing to 
do. I'n afraid that it seems to me that this is a continuing probleai 
for many young women." As we have just noted, studies indicate that, if 
tmy thing, women mathematicians tend to be more feminine than the average. 
Ve thus feci it is time for society to completely do away with the 
ridiculous prejudice that a female mathematician is somehow less of a 
woman because of her intellectual pursuits. 

Professor Joan Birman goes on to discuss other misunderstandings 
and problems of women considering mathematics as a cai-eer. 



ThQ female students I know also seem to often misunder- 
stand the nature of mathematics. It appeals to thea (l think) 
because they are systematic, neat, logical and orderly. Th<*y 
do not seem to appreciate the creative, imaginative, esthetic 
aspect of mathematics, and ir.de ed are often bewildered by it 
v-ten they first encounter it in advanced courses. I hope this 
is something which is changing, as more young women become 
aware of themselves as questioning, growing, thinking people. 
Conformity is really deadly for mathematics, because it is not 
possible to learn the subject unless you are constantly ques- 
tioning whether you understand it. To become a mathematician 
it is also necessary to a) have a good deal of tolerance for 
frustration, b) to not be distressed by the distrust or fear 
other people have of those '^^o are "smart" and c) to not be 
afraid to be vrong or make mistakes- all of these seem to be 
problems for women. 

In respect to employment discrimination, we feel the mathematical 
profession Is going through some very healthy changes. iTie nespotisa 
rules, invariably discriminatory against the wife, are rapidly falling 



avay. lender the watchful eye of the Department of Health, Education and 




Vclfarc. acndcalc and industrial institutions ore adopting widespread 
procedures to ensure that hiring patterns are free of sex bins. Ve 
strongly support such affiraative action to ensure that all potential 
fenale condidates are considered. Cuch increased recruitment efforts 
can only enlarge the list of qualified candidates and thus result in 
the ralsii>g of standards. To isaediately dispose of a red herring, let 
us state cnphatlcally that none of us believe a less qualified nathena- 
tician should be hired, just because she is female. 

Wiile supporting iiffirnatlve action ve are concerned that most 
efforts seen to concentrate exclusively at the caployiaent level. We 
vould be sost distressed if universities, in fear of losing federal 
funding, develop prograas only in response to HEW threats and cnphasize 
those papcr-vork proceiores designed to protect then in ca-- vi" HEW 
audits. We belicv^ our study has established the great need for affir- 
aative action at the academic level -froa elcaentary school through 
ccllege. It doesn't help auch to carefully distribute the few drops 
froa the end of a pipe- line when the real problea is that the pipe is 
stopped up at a auch earlier point. If university administrators are 
sincere in their desire to open up opportunities for voaen (and ve be- 
lieve they ara* then they must put far more resources into academic 
affiraative L.t.*on. even if this is not where the federal government is 
putti ng on the pressure. There is no dearth of suggestions in this re- 
gard, from intVraation and recruiting efforts at the high school level, 
subsidized child care centers, iaproved career counseling, more flexible 
requireaents including external degree prograas and part time study, to 
mention Just a few. There are aany such recomendations throughout this 
report. 

We are pleased to observe that the "woeen's aovcaent" is alive and 
well ir the aatheaatics profession and is continuing to have a very 
benefieial effect (cf. [2) and [7] for example). More women are appear- 
ing as invited speakers at professional meetings. They are being 
nominated nnd elected to iaportant positions in the professional societies 
"cientific meetings often have special sessions concerned with women in 



malhenatics. riie American r ithenuiical Society has recently conpiled a 
directory of vomen mathersaticlanc fl], ihere is an active organisation 
c.\->.cerned with wowen'- rights: Tlie Association for Vt^zaen in Kathenatics 
(iddr 5: Dopartnent of r':ather.atics. The A.T.erican 'university. Washington 
D. -0016). professor Mice .'chafer, one of our correspondents, is the 
president. :iiey is^ue a reg-lar and livelj/ neiv-sletter. edited by Mary 
ir'iy. This 'tss^jciation 'tlso run^ an emplo^Tient inforsiation service 
vhicl helps vonen become jvrtrf^ of job opportunities as they develop. V:o 
wo^ld recommend this organization to any ciathemtician (male or feciale) 
who is concerned vith the issues raised in this report. 



Ve have tried to discuss oar results and raake sor.e tentative con- 



clusions and recocsendationo ir* each of the appropriate sections. The 
findings of all sections tend to support one basic recommendation of 
the Carnegie Connission on Higher Sducatior. (pp. 5^-*> ' of 



Recommendation 1; 'Hie first priority in the nation's 
coraitcent to equal educational opportunity for vrarien should 
be placed on changing policies in pre-elenentary. elczentary 
and secondary school prograas that tend to deter woaen fron 
ispiring to equality with sen in their career goals. This 
vill require vigorous pursuit of appropriate policies by 
stiite and local boards of education and inplenentation by 
school administrators, teachers and counselors. 

For exasple. high school counselors and teachers should 
encourage wonen who aspire to professional careers to choose 
appropriate educational programs. Ihey should also encourage 
then to pursue nathemtical studies throughout high school, 
because of the increasing inportance of nathenatics as a back- 
ground, not only in engineering and the natural sciences, but 
also in other fields, such as the social sciences and business 
adaini st rat ion. 

The Carnegie Connission goes on to recocaend inproved career coun- 
seling at the university as well. 



Heconmendation S: Hot only should colleges and univer- 
sities take icaediate stnps to strengthen occupational coun- 
seling prograas generally in this era oV a changing job market 
for college graduates, but they should alco take special steps 
to strengthen career ^nseling prograas for vJoaen. Counselors 
should be tr'tincd to discard outaoded concepts of male and 
feaale careers and to encourage worsen in their abilities and 
aspirations. 



The t-'pic hivo ^ak''n ap i,<; vast and ha.*; many raaifica* ionj^. - ur 
inv**?*^i*r'iMon »"h' uid l.»..h»^i upon aa a pil«.»t r.tud;*. W*' h p^* that this 
preliain'ir . d'i*a will run'nrJ r.uny int^^ror* inr pr >.U'ct to *vhicaNir.T. 
s< 'C loir i ? ? and p.^ cho I v i - ♦ . ^.'c Vu 1 1;. r^>r ^:ri i that wc nr*? t r.v i ng 
r."ir.ur#? rrr.'*< hinr. *h'i» ir. in f;r<vit ri.ix. th<^r';r n» r^romnnd that 
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e\er^. r»ithtf aai k i; dep'irtmcr.t te<f;in to kvop annual records of sex differ- 
ences in enrollcent r/ite«. attrition rates, degrees granted and graduate 
'ivir,i^sx3ns and ^upf'ort. Tiii^ will help alert the departnent to areas 
which need attention ar. wo 11 t« to Indicate if new policies are havir.g 
the ie£lr»?d eff*»ct. It vill be nvst interesting to observe how these 
paltvrr.j change as our schocl^ or.d ooCicty nu>ve away frosi sexual stereo- 
types and bias. 

VTe hav»-. f.»r r-a.^m f tin-, noce^jarily ignored nany fascinating 
•tr.i ir.pur*anr ju»j^-f ior»»;. W» hav-* pir:v^yly tried no^. to discuss aspects 
of ,.^xij.i a:,i v. K:^?n\ rUhti^ that '!%> nor relate specifically to natheca- 
tic.?. :.Vv^T'heloK:t s.t:,y ^f thp.;e (^aoh as tlu- to^. children play **-ith. 
th'» iT-xsius thoy flay, .vx rol r ir. r »vi-^ and television etc.) clearly 
do r.'tv* thvir 't!'r»-ct n f ^r.-il . 'i*ti?udt., towards mathematics. For an 
exc»Il»-*n* ♦.*s.i\. o••verir.^^ th» . ' c..*r»j ^'^neral concerns we refer the reader 
to T.h'* b -.k • . by r.'trc. Frt 'ivr -md :^rra ,:ad>:or entitled Sex i cm in 
/chcol ard .'.'Ciefy. 

wo.ild 'ilso h't\» j n'it in*»>re3t'*»i in ri.iHin»r a study of s»*xisra in 
^.•t•^^Wic.^ '^•'Xt,;. fK» vts? rt -rity of which are written by r.en. Ve 
hep, *h-st s.>r^o:;._» *jr c ,-r.'Up -^-iU f'tK* up thir study and Jhare their 
fir,dir.fr*c with ^s. \i* h iv r-^v,h t • learn concernir^; the way rr,athenatics 
is pr-sented. I -M.. in t.-xis vr.d in lect ;r* c and the extent to '-;hieh 
wor.*'n rerrond (j^ >ji r iv.. r tJ^-Aiv^ly' t^ it. (^V. for ex^usple, the 
r»v»-Arch :jtu l, I , n dim renc-s in m'tthpraatics problem appeal as 
a ft^cr?, io: jf j^roMoR Cf>n^ext.l 

Vie v.v>,!d UK*^. Ct.r.oiud'' wi^h i sh^r* discussion of certain moral 
irrii»-r wid-^h hv.'.« brtr. l^.ir.r tf^rir-ath thr« .surface of this Jtudy. These 
concerr.. *w»!r» tonch'vl u^on in »pen ?Ai:d lively interdisciplinary dis- 
cucrlon. l.vj by thv .~.o>:lA -fi-A.-l [ .u'> .>Us. in the mathomatics colloquiiyn 
seri^»:- in »h** full of r> . Tiio .ju^s* i-jn is this: Have wc rade an in- 
rUcit •t.:r?ia!rt ion that Ir •ppir.^' ,_>>i« .if a d*-frrne program in gmoral, and 
a r..>th<^r.atlc,': pr:»gr-(n In p rticular, is necf^osarlly bad' Oiv^^n the 
^xt-r.'r,»-ly d.-pr'^r.-fd f-e.d dopr"...;in^O .>nplo:/nont prospcctn for young 
r::ath'\-sat icinn.: (hoth n»^n t;,d wMncn) perhaps those who droj? out. or don't 




even oegm the vrui.irjg prjccoJ. are m I'act makin^^ the correct choice, 
not only in tcJT.3 oi' economic o^-noequences, but also in temo of ful- 
filling their hanan putentiai. *;ince ^or.e male mathematicians vei'e 
socevhat r.i*uRdcrjto^.><i wheti the.v Introduced this quejjtion ii»t, the dis- 
cussion, we'd like to quote a vonan nathenatician. Hanc;, Kopoll '^f 
fCortheastern • niver^iity, who has caret'uli> co-ticulated thi3 fundamental 
issue in ^. letter to us. 



I don't think the main problem facing potential vromen mathe- 
niaticians: is that of having so few wonen already in the field. 
In fact, although I fully support the voiaen's movenent. I don't 
think it's necessarily desirable to forcefeed mathematics with 
vomen. Before >ou Jump on r.e for being sexist or elitist. I'll 
try to explain that this reaction comes from feelings about 
nathesaticp rather than about women. 

There is an agreement among nany mathematicians today that 
there is a kind uf crisis in motivation: why be a mathematician? 
I see this confusion and the search for answers at every level 
of the profession. It shows up in debates on what to teach under- 
graduates; it shows up in the numbers of mathematics proper in 
order to oe **relevar.t," There is a widespread feeling of aliena- 
tion. 

I have m>' own personal -and tentative - answers to these 
questions, but that is too long a story for here, 'fiie point is, 
I would not pr'^sume to encourage anyone -man or woman -to 
blindly enter mathematics without facing these issues. However 
neither would I discourage anyone, especially women. It was 
apparent that the entrj' of large numbers of blacks into fields 
previously closed to them has resulted in enormous cultural 
change and growth. Perhaps tl e entry of many women into fields 
previously "male" Will have the same enriching effect, (it is 
a fantasy of mine that if mathematics had many more women 
practitioners it would be different, e.g.. less authoritarian 
and formal. Mathematics is cultural, and the product depends 
on the people who construct it; the people who have formed it 
in the past have mainly beon male.) 



We do n-^t claim that the goal is the elimination of all measurable 
sex differences in aii human pursiiitj. Vic all have different opinions 
on the extent to which thit would be deyirable. But we are all agreed 
that the mtru ^ex differericeG in mathonaUcal training Mid attitudes 
described \t. this report .ire not the rojult of free and informed choice. 
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If thco^ wre then the low enrolbfient^ aiid high attrition rates for women 
in rnathezHtics vould bo d matter of less concern. The inmorality of 
these sex differences lie^ precisely in the fact that they are the re- 
cult vf aany subtle (and not 3o subtle) forces, restrictions, stereotypes 
cex roles, parental-peer group- teacher attitudei., and other cultural and 
psychological constraints which we haven't begun to fully understand. 
Before we cari hope that each individual child and young adult will nake 
the^e choices freely oiid wisely we nust work towards a society generally 
(and an academic program opecifically) which ensures that the freedom of 
cpport unity to become whatever that individual is truly capable of be- 
coming, is not cumpromiced by such a chance event as the child's sex at 
birth. VTe believe that each of us, male or female, who have children or 
anticipate having children, vould desire such a society for them. And 
thr'se of vis who are mathematicians and whose lives have been so greatiy 
enriched as a result would wish that this opportunity be available, re- 
gardless of sex, .OD^fone ;;hu finds they have the aptitude, interest 
and creative and intellectual ability to do it. 

Albert Einstein, on the occasion of the death of the mathematician 
Bnm:/ r;oethcr in 193'. , wrote the following lines in a letter to the Hew 
York Times (cf. p. 208 of (l81). 

Beneath the effort directed toward the accumulation of 
worldly goods lie all too frequently the illusion that this is 
the most substantial and desirable end to be achieved; but 
there is, fortunately, a minority composed of those who recog- 
nize early in their lives that the most beautiful and satisfy- 
ing experiences open to hvunan kind are not derived from the 
outside but are bound up with the individual's own feeling, 
thinking and acting... . However inconspicuously the lives of 
these individuals run their course, nonetheless, the fruits of 
their endeavors are the most valuable contributions which one 
generation can make to its successors. 

We believe that we must continue the effort to bring about a 
sexually unbiased social and intellectual environment where many other 
anr^y Woether's will be able to flourish and grow. We will all be the 
beneficiaries of their creative endeavors. 
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